Abstract It is well known that information can be held in memory while performing other tasks concurrently, such as remembering a color or number during a separate visual search task. However, it is not clear what happens to stored information in the face of unexpected tasks, such as the surprise questions that are often used in experiments related to inattentional and change blindness. Does the unpredicted shift in task context cause memory representations to be cleared in anticipation of new information? To answer this question, we ran two experiments where the task unexpectedly switched partway through the experiment with a surprise question. Half of the participants were asked to report the same attribute (Exp. 1 = Identity, Exp. 2 = Color) of a target stimulus in both presurprise and postsurprise trials, while for the other half, the reported attribute switched from identity to color (Exp. 1) or vice versa (Exp. 2). Importantly, all participants had to read an unexpected set of instructions and respond differently on the surprise trial. Accuracy on the surprise trial was higher for the same-attribute groups than the different-attribute groups. Furthermore, there was no difference in reaction time on the surprise trial between the two groups. These results suggest that information participants expected to report can survive an encounter with an unexpected task. The implication is that failures to report information on a surprise trial in many experiments reflect genuine differences in memory encoding, rather than forgetting or overwriting induced by the surprise question.
While the capabilities of working memory have been well studied for cases in which subjects are performing a task that they know in advance (for review, see Baddeley, 2003) , there is relatively little data available concerning the reportability of information when participants encounter an immediate surprising question. In other words, when participants are performing a routine task and are asked a surprise question, will the just-stored information be accessible for report? This question is important to answer for several reasons. First, natural experience often forces us to confront surprising situations and it is important to know how reliably information from previous moments can be retrieved after such events. There has been a lot of research on task switches that are expected (see Kiesel et al., 2010 , for a review), but not much is known about how working memory responds in the case of a completely unanticipated change in task. Surprising events could potentially cause stored information to be cleared from memory to facilitate the ability to process and store information about the unexpected event. Furthermore, in the cognitive psychology literature, surprise test methodologies are an important tool for explicitly probing memory of stimuli that subjects did not expect to report. Inattentional blindness (Mack & Rock, 1998) , change blindness (Simons & Levin, 1997) , and attribute amnesia (Chen & Wyble, 2015a) have importantly shown the limitations of human visual processing by using surprise tests (e.g., Chen, Swan, & Wyble, 2016; Eitam, Shoval, & Yeshurun, 2015; Eitam, Yeshurun, Hassan, 2013; Shin & Ma, 2016; Swan, Collins, & Wyble, 2016) . It is debated whether the inability to answer such surprise questions is due to a failure to encode the information (i.e., a failure of perception; Mack & Rock, 1998) or a loss of the contents of working memory (i.e., amnesia ; Jiang, Shupe, Swallow, & Tan, 2016; Wolfe, 1999) . The latter possibility arises from the fact that surprise tests effectively impose an unexpected change of task set, in addition to the challenge of reading and comprehending the instructions, either of which might disrupt recent memory. Therefore, determining to what extent information that was clearly stored in memory can be reported in response to a surprise question is crucial for interpreting many psychological phenomena.
Here, an attribute amnesia paradigm was altered to test whether or not the contents of working memory are disrupted during a surprise test after subjects have well-developed expectations about what task to perform. Attribute amnesia (AA) reflects a failure to report attributes (e.g., color, letter identity) of an immediately preceding attended stimulus when subjects did not expect to report those attributes (Chen & Wyble 2015a , 2015b . However, a crucial question that these experiments did not clearly address is whether the memory trace of information that subjects did expect to report could persist in response to a surprise question. The current study attempted to answer this question by unexpectedly altering the reporting requirements halfway through an experiment from recognition to recall. An additional manipulation controlled whether the new recall question pertained to information that participants did or did not expect to report.
Experiment 1 Method
Participants Eighty Pennsylvania State University undergraduates completed Experiment 1 for course credits in accordance with the local Institutional Review Board. Participants were instructed in English and reported normal or correctedto-normal visual acuity. An additional 19 participants completed the experiment but were removed for having accuracy in the presurprise trials lower than 60% (average performance for excluded participants presurprise accuracy: 34%). The large amount of exclusions for both experiments is likely due to the lack of practice trials.
Apparatus The stimuli and apparatus follow closely with the physical settings of Chen and Wyble (2015a) . Participants were situated 50 cm in a chinrest from a 17-inch cathode ray tube monitor with a resolution of 1024 × 768 at 75 Hz refresh rate. The experiment was presented using MATLAB with the Psychophysics Toolbox (Brainard, 1997; Pelli, 1997) .
Stimuli In the fixation display, there were four black placeholder circles (radius = 0.31 degrees of visual angle) located at four corners of an invisible square (6.25 × 6.25) and a black central fixation cross (0.62). The stimulus array contained one English letter target (A, B, D, or E; 0.86 × 0.62) and three Arabic digit distractors (2-5; 0.86 × 0.62). Each stimulus was randomly assigned one of four colors, red (RGB: 200, 0, 0), blue (0, 200, 200), yellow (200, 200, 0), or magenta (190, 45, 200) , with no repetition of color on each array. The mask consisted of a black ampersand and a pattern of four colored lines using the above colors, displayed in a hashmark configuration (see Fig. 1 ). The location of the letters, digits, and masks were also on the four corners of the invisible square. All stimuli were displayed on a gray background (150, 150, 150) .
Procedure and design Participants were instructed that a colored letter would appear among three colored digits (see Fig. 1 ). Each trial began with a fixation display for a duration varied randomly and uniformly between 1,000 and 2,000 ms. Then, the stimulus array appeared for 250 ms, and was replaced by masks for 100 ms. After the masks disappeared, there was a 400 ms retention interval before one or more questions were asked about the array that had just been presented. Participants in same-attribute group were asked to recognize the identity of the colored letter by typing in a matching number alongside one of four black letters (see Fig. 1 ) for the first 11 trials. On trial 12 (i.e., surprise trial), these participants were asked about the same information (letter identity) but using recall instead of recognition. Now, participants typed in the letter directly without seeing a list of possibilities (i.e., press the a key to report A).
Participants in the different-attribute group were just like participants in the same-attribute group, except that these participants were asked to recognize the color of the letter in the 11 presurprise trials by pressing a number alongside one of four colored bars, and then recall its identity in the surprise trial using the same question format as for the same-attribute group.
For all participants, the surprise question on trial 12 was also followed by two additional questions. Participants were presented with four digits (1, 2, 3, 4 in randomized order) and asked to report the location of the target letter by typing the corresponding number. Finally, they were asked to recognize the color of the letter. Feedback was presented at the end of each trial informing participants of the correct attribute and response key. For both groups, after the surprise trial, there were four more control trials identical to the surprise trial, thus providing a total of 16 trials. Each group had forty participants. Thus, for all participants, there were 11 presurprise trials, then a surprise trial on Trial 12, and then four control trials that were identical to the surprise trial. Participants were free to use either hand when responding. For all responses, except for identity recall, participants were given four possible choices.
We expected that participants would not be able to report the probed attribute on the surprise trial in the different- attribute group as shown in previous findings of AA, whereas participants in same-attribute group would be able to report the probed attribute because the surprise question now corresponded to the same attribute that was reported in the presurprise trials. Note that all participants received a surprise question on Trial 12 and the format of the surprise question was identical between groups that were asked about the same attribute (identity). Therefore any differences in performance must be related to the memory representation formed prior to the surprise question.
Results
The results of this experiment are depicted in Table 1 . The accuracy of the presurprise trials for the same-attribute and different-attribute groups were 91%, and 83%, respectively, which indicates that participants could accurately recognize attributes of the target letter among distractor numbers.
To determine whether reporting the same or different attribute affected accuracy on the surprise trial, a chi-square test was conducted to compare the accuracy on the surprise trial between same-attribute and different-attribute groups. There was a significant effect between these two Groups on the surprise test, χ 2 (1, N = 80) = 5.33, p < .05, φ = .26, indicating that the accuracy on the surprise trial was significantly influenced by the identicality of response attribute between the presurprise and surprise trials, with the performance being better when they were the same than they were different.
Next, reaction times on the surprise trial were compared between the different groups, where median reaction times across the groups were 9.7 s (SEM = .98) and 10.8 s (SEM = 1.1) for same-attribute and different-attribute groups, respectively. In an independent one-tail t test, there was no significant effect of presurprise attribute, t(78, N = 80) = .68, p = .25, φ = .09. Thus, the effects on accuracy do not seem to be related to differences in reaction time.
In addition to comparing the surprise trial accuracy across groups, accuracy on the surprise trial was compared to the accuracy on the first postsurprise trial to determine whether AA was replicated. In the different attribute group, 20 out of 40 participants (50%) accurately selected the color, whereas 32 out of 40 (80%) were correct on the first postsurprise trial. In a chi-square test, this difference is significant, χ 2 (1, N = 80) = 7.91, p < .01, φ = .31, replicating the AA phenomenon (Chen & Wyble, 2015a) . In the same-attribute group, 30 out of 40 (75%) were correct, whereas 34 out of 40 (85%) were correct on the first postsurprise trial and this difference was not significant, χ 2 (1, N = 80) = 1.25, p = .26, φ = .13.
Experiment 2
The results of Experiment 1 show that memory traces can persist in the face of unexpected immediate surprise questions if participant expected to report that information. However, this could be the result of using the identity as the report attribute. Experiment 2 was designed to replicate Experiment 1 but using the color of the target letter as the report attribute on the surprise trial for both groups.
Method
The methods for Experiment 2 are exactly like Experiment 1, except where follows. Eighty new Pennsylvania State University undergraduates completed Experiment 2 for course credits An additional 36 participants completed the experiment but were removed for having accuracy in the presurprise trials lower than 60% (average excluded participants presurprise accuracy: 31%) and replaced. Participants in same-attribute group in Experiment 2 were asked to recognize the color of the colored letter by typing in a matching number alongside one of four colored bars (see Fig. 1 ) for the first 11 trials. On Trial 12, these participants were asked about the same information (letter color) but using recall instead of recognition. Now, participants typed in the first letter of the color word (i.e., press the r key if the target letter was colored red).
Participants in the different-attribute group were just like participants in the same-attribute group except that these participants were asked to recognize the identity of the letter in the 11 presurprise trials by pressing a number alongside one of four black letters, and then switched to recall its color in the surprise trial by typing in the first letter of the color word as in same-attribute group.
Results
The results of Experiment 2 are depicted in Table 2 . The accuracy of the presurprise trials for the same-attribute and Note. Superscripts indicate the order that questions were asked in the surprise and all following control trials. Contrs. 1-4 correspond to the four control trials different attribute groups were, 83%, and 85% respectively, which indicates that participants could accurately recognize attributes of the target letter among distractor numbers. The same sets of analyses used in Experiment 1 were also used for Experiment 2. All of the effects found in Experiment 1 were replicated in Experiment 2. When comparing accuracy on the surprise trial across groups, there was a significant effect, χ 2 (1, N = 80) = 5.05, p < .05, φ = .25. Participants were more accurate on the surprise trial (27 out of 40 were correct) if the attribute was the same between presurprise and surprise trial compared to the different-attribute group (17 out of 40 were correct), which is consistent with the findings of Experiment 1.
There was no effect on reaction time between the sameattribute (median = 10.5 s; SEM = 1.1) and different-attribute groups (median = 12.7; SEM = 1.2), t(78, N = 80) = 1.26, p = .11, which replicates the results from Experiment 1.
Next, accuracy on the surprise trial was compared to the accuracy on the first postsurprise trial to determine whether AA was replicated. In the different attribute group, 17 out of 40 (43%) were correct, whereas 26 out of 40 (65%) were correct on the first postsurprise trial, which was significant, χ 2 (1, N = 80) = 4.07, p < .05, φ = .23, in a chi-square test replicating AA. In the same-attribute group, 27 out of 40 (68%) were correct, whereas 32 out of 40 (80%) were correct on the first postsurprise trial, which was not significant, χ 2 (1, N = 80) = 1.61, p = .2, φ = .14, in a chi-square test. These results thus mirror the results from Experiment 1.
Combined analysis
To determine if there was a difference between the pattern of Experiments 1 and 2 (see Fig. 2 ), a log-linear analysis was used. Log linear analyses can test for interactions in categorical data with multiple dimensions (Goodman, 1979; Pomer, 1984; White, Pesner, & Reitz, 1983) . In a log-linear analysis of the 2 (identicality of response attribute between the presurprise and surprise trials: same, different) × 2 (response: correct, incorrect) × 2(Experiment: 1, 2) contingency table (see Table 3 ) was conducted. There was a significant effect between the identicality of the response attribute and the response (G 2 = 11.5, p < .005), replicating the individual chisquares tests for each experiment. However, there was no significant effect of experiment and response (G 2 = .9, p = .33), suggesting that there was no difference in overall performance on the surprise trial as a function of the presurprise attribute.
General discussion
Two experiments were conducted to explore whether or not a visual memory can be retrieved in response to a surprise test wherein participants need to read a new set of instructions and respond in a new way (see Table 4 ). Results from the sameattribute groups showed that participants could accurately report the attribute they expected to report, despite encountering a surprise test. On the other hand, the different-attribute groups had difficulty responding to the unexpected change in the report task, presumably because they were now being asked about an attribute they had not expected to report, which replicates the AA effect (Chen & Wyble, 2015a . These results are important for multiple reasons. First, these results show that information that is already stored in working memory can still be reported despite an unexpected change in the response task. Participants that reported the same attribute in the presurprise and surprise trials were significantly more accurate on the surprise trial than the different attribute group, despite the unexpected shift for both groups from recognition to recall and the need to use different response keys. Whereas it could have been the case that the surprise trial effectively cleared the contents of working memory, since participants had to perform several complex tasks, including reading of the surprise question and planning a new response using a different set of keys, we found instead that the information content participants had planned to report was still available. This suggests that the use of surprise questions is not the primary reason for an inability to report information in inattentional blindness, change blindness, and attribute amnesia experiments. Instead, these results support the idea that the primary factor in determining whether or not information is reportable in a surprise test is how congruent that attribute is with our task set (Most et al., 2001 ) and the strength of its consolidation .
The result also highlights the robustness of working memory representations in the face of unexpected processing demands, which is rarely explored in task switching. Typically in task switching experiments, costs in performance are observed during expected switches from one task to another. Even in cases where the switches occur at unexpected times, there is still an expectation that the switch might occur. However here, switches in the type of response (e.g., from recognition to recall) were completely unexpected and yet the information was still available for report.
This finding also supports a fractionation of working memory into specific memory stores (Baddeley, 2003) . According to these models, reading and visuospatial information are processed in separate stores, so there should be minimal interference when reading the unexpected task instruction and maintaining the attribute. This is contrary to theories of working memory that have only a single store (e.g., Cowan, 2001) , since such models would have predicted more dramatic interference on the surprise trial even for participants in the same-attribute group. However, it is possible that the methodology used here is not sensitive enough to capture the interference and that more precise measures of retrieval, such as delayed estimation (Wilken & Ma, 2004) , may be able to measure any costs.
Furthermore, these results clearly indicate that memories held in working memory are content addressable, which means that information can be retrieved by its content and is not just stored as a pre-mapped response (e.g., Swan & Wyble, 2014) . Here, participants that reported the same attribute in the pre-surprise and surprise trials were able to retrieve that information using recall instead of recognition. Content addressability is an important constraint when considering the plausibility of models of working memory because it means that the information is stored in a generic format that can be accessed in several ways.
Last, there was no significant interaction of reaction time on the surprise trial between the different groups. This result suggests that the inability to report an attribute on the surprise trial for participants that reported a different attribute in the presurprise trials was not a function of the amount of time to respond (cf. Jiang et al., 2016) . Instead, these results suggest that the critical component to be able to report an attribute in a surprise test is the consolidation of that attribute into working memory , given that information which participants expected to report typically survived a substantial unexpected delay during which a surprise question had to be processed.
Conclusion
The experiment presented here demonstrated that a surprise test, which often involves reading a new set of instructions and responding in a new way, is not likely to be the primary cause of a failure to report information in a surprise test. This result increases our confidence in the surprise method as a means to probe the contents of memory for immediately preceding stimuli and also suggests that memory representations are robust to unexpected interference and can be accessed in unexpected ways.
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